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ELECTRICAL SAFETY

In the previous Electrical Safety Journal dated Jan 2011, we had discussed on the 
general causes of electrical fire and how to prevent it. From information gathered, we 
noticed Electrical related issues causing business interruptions by electrical fires or 
power disruptions were many. Our main focus in this issue is to examine some of the 
other aspects of electrical related issues. This includes – Capacitor Bank, Lightning, 
Electrical Failure and Power Failure.   
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1. Overview of Electrical Related Issues 

In general, there were many electrical fires claimed to be caused by electrical short-
circuited. However, this is always an easy way of blaming the fault to electrical fire. In 
actual fact, it may not be the real root cause. It could be due to something else which would 
have caused the electrical short-circuited, thus electrical fire. Similarly, what would have 
caused power disruptions would be due to many other factors.  
 
Hence, it is important for us to know beyond their direct cause for electrical fire or power 
disruptions, instead of looking only at part or not the root cause of the problem. A more 
careful analysis of the reasons could also help us to find completely new viewpoints as a 
basis for fire prevention work. 
 
As there was no specific or statistic figure or has been only little information available to 
indicate the different types of building and electrical fault causing electrical fire or power 
disruption as it would vary among country to country and industry to industry, so we will 
just look at the few common types of electrical related issues here.  
 

2. Its Causes and Impact / Consequences  
 
A) Failures of Capacitor Bank Leading to Fires 
Capacitors can cause fires. This is true for small capacitors on printed circuit boards, and 
on large capacitor banks installed in industry and commerce. We will discuss on the large 
capacitor banks here. 
 
Large capacitors are normally used in UPS and power distribution switchboards in 
industry and commercial installation where there are large inductive loads, such as motor 
loads, air conditioning, and fluorescent lighting, etc. These capacitors will normally have 
their switchboard connected to a power factor correction capacitor bank. And normally the 
capacitor bank (power factor correction facility) in a cubicle is attached to the array of 
switching cubicles comprising the switchboard suite to keep the costs low. 
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Modern capacitor banks today are universally made up from modules built up by individual 
'dry type' capacitors as they are relatively smaller, lighter and cheaper than their steel-
canned, oil-filled predecessors. The dry type capacitor comprises of a bobbin of tightly 
wound, plastic film which has been metalised on one side and this is sealed within an 
extruded plastic cartridge enclosure. These dry type capacitors are able to ‘self-heal’ 
themselves a number of times when they are subjected to electrical trauma.  

In a report, it had also stated that the dry type capacitors are far less tolerant of operation 
under elevated temperatures as their ability to self heal themselves will decrease. When 
dry type capacitors are no longer able to 'self heal' themselves they fail, often in a 
catastrophic manner, such as accompanied by fire as their capacitive element and enclosure 
are both made from flammable materials. And the inclusion of the capacitor bank in the 
switchboard will cause the switchboard to involve in the ensuing fire when capacitors fail. 

Thus, it is important to separate this cubicle from the switchboard in such a way that it is 
close enough for maximum benefit from the power factor correction unit to be applied 
directly to the main bus bars of the switchboard, but separate enough to prevent heat 
transfer from the cubicle. This will ensure that the switchboard will be able to keep running 
until a replacement unit can be installed, should a capacitor fire occur.  

Besides that, correct design of power factor control capacitor banks, their cabinets and their 
environment (to ensure operating under optimum conditions) and pro-active maintenance 
techniques, can help to prevent such losses from switchboard fires happening. 

 
B) Lightning 
Another important electrical safety commonly neglected in building is lightning and 
electrical grounding system, with lightning protection system having higher numbers not 
being checked, maintained and tested for its effectiveness or having poor level of lightning 
protection in premises. Even in relatively new installations with installed protection 
incorrectly located or insufficiently protected. Less known are the ways by which lighting 
causes damage.  
 
Example: 
A lightning conductor routed parallel and close to fire alarm and control cabling. It caused 
fire protection system to activate and many false alarms whenever a struck by lightning. 
 
There are three ways by which lightning could cause damage. 

1. Direct strikes: These can be prominent and the direct 
damage is obvious. The strikes can melt metals, fracture 
stone and masonry and ignite combustible materials.  

 
2. Current tracking: Any conductor or semiconductor is 

capable of carrying a current into a building. A 
conductor does not have to be part of an electrical circuit. 
It might be a steel water pipe or even a damp wall. Even 
though the conductivity might be low, the voltage and current that accompanies a 
lightning strike can be so high, that even a diversion of less than 0.01% can amount 
to voltage and currents capable of damaging both electrical and more especially 
electronic circuits.  
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3. Induction: The electronic fields generated by lightning can induce currents in 

circuits that have no direct or indirect link to the strike itself. This is the mechanism 
of damage that gives rise to most difficulties in insurance claims.  

With the fact that in some parts of Southeast Asia, there are tens of strikes per square 
kilometer each year. Thus, it becomes apparent that lighting does not have to 'hit' the exact 
same place for certain items of equipment to suffer repeated damage over the years when 
current tracking and induction are considered.  

Consequently, a good lightning protection system (LPS) against direct lightning strikes is 
essential. The LPS used around the world are basically divided into two types: 

i) Conventional or standard LPS i.e. that which comply with the technical 
standards/code of practice 

ii) Unconventional or non-standard LPS i.e. those that do not comply with the 
standards/codes 

 
The use of the standard LPS is recommended since it complies with the national or 
international standards and has been scientifically proven to provide safety to the users, 
while the non-standard LPS did not. 
 
In a study review, it stated that the unconventional/non-standard LPS have been proven by 
academics and scientists around the world to be without any scientific basis as far as their 
claims to provide enhanced protection against lightning is concerned. The manufacturers of 
these systems have also failed to provide any independent study that could prove that their 
products are field proven. 
 
In spite of this deficiency, tens of thousands of these systems have been installed worldwide 
based on the promise of enhanced protection that is supported by the manufacturers’ own 
“research”. The use of the un-conventional air terminals has led to many buildings being 
damaged by direct lightning strikes. Some of these reported damages were found to be life 
threatening since they occur in buildings used for mass occupation e.g. a school building. 
Hence, to accept a new unconventional system, you will have the responsibility to bear the 
risks and consequences.  
  
It is important to ensure the building’s lightning protection system not only comply to 
standard for the installation of lightning protection systems but is maintained, upgraded 
and the risk managed. The existing lightning protection standards available are: IEC-61024 
(International), BS6651 (UK), NFPA780 (USA), AS/NZS1768 (Australia & New Zealand), 
and CP33 (Singapore). 
 
 
C) Electrical Failures causing Business Interruptions 
Causes of “Electrical failure, malfunction” that could lead to power disruptions are many. 
Examples: 
 Water-caused short circuit arc; 

 Short-circuit arc from mechanical damage; 

 Short-circuit arc from defective or worn insulation; 

 Unspecified short circuit arc;  



                                                                                                             
 

 
4

 

 Arc from faulty contact or broken connector, including broken power lines and loose 
connections; 

 Arc or spark from operating equipment, switch, or electric fence; 

 Fluorescent light ballast; and 

 Other general electrical failure or malfunction, etc. 

And some of these may even lead to electrical fires caused by heat of poor connection, 
glowing connection, arc tracking, short circuit, disconnection, overcurrent, deterioration of 
its insulating material, and so on. 

Example: 
A short circuit cause ignition of insulation by its large current. 
An arc tracking is a result of deterioration of insulation. It is 
confirmed that the heat generated at the thin wire between 
disconnected stranded wires is capable to be the ignition source 
of the insulation of the PVC cord, even if there is no large 
current and no deterioration of insulation. 
 
D) Power Failure 
In this part, we will be looking at the importance of sustaining 
power, especially for critical operations or production activities. 
Some felt that short duration of power failures or power disruptions are fine. However, 
many have underestimated the consequences, especially those not so obvious or are 
indirectly affecting the production, services and facilities. And they were mainly caused by 
or began with a power failure. Even a significant voltage drop, which can cause machinery 
to trip, has the same consequences as total power loss. 

We had also seen and heard many cases of companies’ standby generators not serviced and 
tested regularly with running load. There were few incidents when an actual power 
interruption occurred, the standby or backup generator or supply did not cut-in 
automatically and causing production activities to a halt. This had not only caused business 
interruptions, but also damages to facilities and system.  

Examples of such cases: 

Case A: 
A thermal oil heater had tube damage from interruption to oil flow. An emergency pump 
did not operate because a dedicated diesel-based power supply would not start. This backup 
had not been tested for months.  
 
Case B:  
A fire burnt out the electrical cables to a compressor for external cooling fans. There was a 
delay of 9 hours before the supply was reinstated, with the factory having to shop for spare 
cable. 
 
Case C: 
A lightning stroke at the power station had caused a voltage drop at the plant’s sub-station. 
This resulted in a total power interruption to the plant and operations. 
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The plant’s emergency generators to power the air-compressors that were used to control 
the instruments of the gas and air to the furnace for firing did not start well after the power 
failure. There were a total of 3 generators: one started; another not operating due to 
automatic change-over switch was jammed, and required manually switched over after 
about 35 minutes; while the last generator started up for only 30 minutes, due to 
overheating, and this was suspected due to some modification in the system earlier. 
Moreover, 5 numbers of air compressors supporting the furnaces firing, were unable to start 
in “Auto Mode”, 4 numbers started manually and 1 number could not be started at all. This 
resulted in partial solidification of the molten glass in all the furnaces and production lines 
in the plant. 

Generally, there are a number of industries where equipment is particularly vulnerable to 
power failures. These are always ones where there are large masses at an elevated 
temperature. Damage mechanisms vary, but can typically be categorised in terms of lack of 
cooling, liquid metal or glass breakouts, and damaging expansion/contraction. All these are 
predictable and avoidable, so once critical equipment is identified, duplicated and alternate 
means of appropriate and reliable electricity shall be provided, serviced and tested 
regularly. 

A seamless transition by means of flywheel, battery, or electrical backup system to enable 
failed electrical supply be replaced at a level of response sufficient to stop almost all 
damage for industries in the broad categories indicated above would have been no business 
interruptions. 

We suggest each building owners and operators to consider the following during risk 
assessment: 

1. Does the plant have equipment or system vulnerable to damage by power failure?  
2. Is the design of the plant equipment or system catered to any probability of power 

outage? 
3. Does additional equipment need to be installed to cater for seemingly inevitable 

power failures? 
4. Is consideration of the installation of a stored energy system applicable or practical? 
5. Do operators receive specific instruction or written procedure on what to do in the 

event of power outage? Any drills and gap analysis conducted? 
6. Is emergency equipment maintained and tested regularly? Are there records of 

such? 

 
3. Electrical Safety - Prevention Method 

Electrical equipment has a finite life, which is partly dependent on the service environment. 
Most failures occur because of poor housing design, incorrect installation, inadequate 
maintenance or simply the high humidity that characterizes many Asian countries.  
 
Below are few common electrical safety issues shall be avoided and put specific attention: 
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A) Overloading (Over current) 

 When extension in facilities 
 When any change of use 
 When upgrading of machineries 

without ensuring the existing electrical system is able to 
meet the new requirements  

 
B) Short circuit 

 Cable insulation breakdown 
 Damaged/cut cables 
 Poor connections 
 Wear & Tear, Aging, Faulty products etc. 

 
C) Defect in Maintenance Scheme 

 Maintenance techniques not in line with manufacturers’ recommendation 
 Replaced 3rd party components in machineries which are not totally compatible 
 Replaced under rated components like contactors and relays 
 Replaced with over rated fuses and circuit breakers 
 Illegal modifications of machineries and electrical equipment 
 Loose Connection / Over tightening 
 Corroded terminals 
 Overloading terminals (too many cables in one terminal) 

 
D) Standard  

 Staff lack of in-depth knowledge, experience, and training, etc. 
 Poor installation by incompetent contractors 
 Lack of supervision of contractors carrying out electrical jobs 
 Did not carry out visual checks, measurements and regular maintenance as per 

schedule 
 Staff lack of appropriate equipment or tool to carry out proper work 
 Did not carry out regular 3rd party electrical safety audit to evaluate the condition 

of the existing electrical system 
 Poor housekeeping & environment 
 Improper use (e.g. by force, overload) & improper material (e.g. rating, make, 

connection, structure), etc. 
 

4. Conclusion 

Electrical fires originated are increasing gradually. It is necessary to reconsider the safety 
of electricity or electrical and do any prevention possible. 
 
The owners and operators of different buildings and electrical equipment shall recognize, 
evaluate and manage their fire and business risks, related to electricity or electrical.  
 
The number of electrical fires and business interruptions can probably be reduced 
specifically by investing in the informing of the individuals of the risks caused by electricity 
or electrical, and by encouraging them to use the equipment safely and maintain it in an 
organized manner. 
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